Using conventional methods it is impossible to extract RNA as uncomplexed intact molecules from the leaves of grapevines (Vitis vinifera L.) and from a number of woody perennial species that contain high levels of reactive phenolic compounds. A procedure involving the use of high concentrations of the chaotropic agent sodium perchlonte prevents the binding of phenolic compounds to RNA during extraction. Analyses of the phenolics present in plant tissues used in these experiments indicate that there is a poor correlation between the total phenolic content and the complexing of RNA. However, qualitative analyses suggest that proanthocyanidins are involved in the tanning of RNA during conventional extractions.
Many higher plants contain reactive phenolic compounds which form chemical bonds with both proteins and nucleic acids when tissues are homogenized. These reactions have been most closely studied with proteins because the complexing of phenolic compounds to enzymes usually leads to lowered enzyme activities. Loomis (9) has reviewed the problems of phenolic and quinone interactions with plant enzymes and lists many methods which help to overcome them. The techniques used for proteins are often not effective in preventing the formation of nucleic acid-phenolic complexes, and because of this studies of plant nucleic acids have been largely restricted to a relatively few herbaceous higher plants along with a number of algae and fungi. Many of the plants from which it is difficult to extract RNA are of economic importance, such as grapevines, avocados, bananas, and hops, and nucleic acid investigations are required for studies of their virus and viroid status. This paper describes a modified procedure by which RNA can be extracted from plant tissues containing high concentrations of reactive phenolic compounds. Leaf material of the grapevine (Vitis vinifera L.) was Proanthocyanidin Extraction and Identification. The extraction followed the basic method of Bate-Smith (1) and BateSmith and Lerner (2). Samples of tissue (1 g) were homogenized with 6 ml of 2 N HCI and the homogenate was heated in a boiling water bath for 20 min. The samples were cooled and centrifuged at 3,000g for 5 min and 1 ml of the supernatant was thoroughly mixed with 0.5 ml of isoamyl alcohol. When the two phases separated, the color of the upper isoamyl alcohol layer was noted. Samples of the colored isoamyl alcohol were spotted onto thin layer plates (Merck DC-Plastikrolle cellulose) and fractionated using Forestal solvent (30:3:10, glacial acetic acidconcentrated HCl-water) along with authentic cyanidin (kindly supplied by Dr. T. C. Somers).
RESULTS
Conventional RNA Extractions. When grapevine leaves were extracted by the widely used method B of Loening and Ingle (8), the RNA produced was grossly contaminated by interfering substances when compared with spinach leaf RNA extracted by the same procedure ( Fig. 1) . This method employs a phenol denaturation of proteins followed by alcohol precipitations of RNA. A large number of adjustments were made to this basic technique (including the use of insoluble PVP, 2-mercaptoetha- nol, sodium diethyldithiocarbamate, cysteine, and DTT) but none significantly improved the purity of the grapevine RNA extracted. Samples of the grapevine leaf RNA could not be successfully fractionated in 2.4% [w/v] polyacrylamide gels because the RNA was complexed to phenolic material. Several other RNA extraction procedures were applied to grapevine leaves including the high pH method of Tanne et al. (15) , the dimethylsulfoxide method of Gusta and Runeckles (3), the protease treatment of Randles (10) , and the diethylpyrocarbonate procedure of Solymosy et al. (14) . None of these techniques successfully prevented the complexing of RNA to phenolic material.
RNA Extraction Using a Chaotropic Agent. The only methods used which extracted grapevine leaf RNA that was not complexed to phenolics were those that employed chaotropic agents, such as sodium perchlorate. The method of Wilcockson (16) produced RNA which was heavily contaminated with phenolic compounds (Fig. 2a) . However, this RNA could be separated in 2.4% [w/v] polyacrylamide gels into various ribosomal and soluble RNA fractions, although phenolic contamination was still observed in gel UV absorbance (E260) traces (Fig. 3a) . A large proportion of the free phenolic compounds contaminating the sample was removed by using insoluble PVP (9) and a further quantity by re-extracting the sample with phenol-chloroform (see under "Materials and Methods" for full procedure). Using this method, intact RNA could be extracted and contaminating phenolic material (Fig. 2b) was not observed in 2.4% [w/v] polyacrylamide gel scans (Fig. 3b) . The remaining phenolic material could be removed by passage of the RNA through a Sephadex G-100 column (Fig. 2c) .
Quantitative and Qualitative Yield of Modified Procedure.
With spinach leaves the yield of RNA extracted by the modified procedure (without Sephadex fractionation) was approximately 45% of that extracted by the Loening and Ingle (8) method, and 24% of that extracted by the Smillie and Krotkov (13) procedure. It is suggested that the lower yield may be caused by the loss of RNA trapped in the large insoluble PVP/SDS rafts although it is possible that some RNA may be lost because of incomplete deproteinization during homogenization in the perchlorate medium. However, when the temperature of homogenization was raised from ice-cold to 20 C to increase the amount of SDS in solution, the yields of RNA were not increased. Figure 4 for a selection of gel traces and Table I for trivial plant names.
Phenolic Compounds That Interfere with Conventional RNA Extractions. A series of experiments was carried out in order to identify the phenolic compounds that cause problems during the extraction of RNA from certain plant tissues. Ten plant tissues were tested for the effectiveness of RNA extraction by the Loening and Ingle (8) method and their total phenolic content was estimated. No correlation existed between the ease of RNA extraction and the total phenolic contents of these tissues, suggesting that specific phenolic compounds might be involved in complexing with RNA. One possible group of complexing agents is the "condensed tannins" which are polymeric polyhydroxyflavonols. These compounds are proanthocyanidins (4) which, when heated with dilute HCl, produce anthocyanidins. Table I whereas tissues yielding deep crimson colors were not readily extractable by this procedure.
Samples of extracted RNA were also tested for the presence of proanthocyanidins. Grapevine leaf RNA extracted by the method of Loening and Ingle (8) produced a deep crimson solution and fractionation of this sample on TLC plates indicated the presence of both cyanidin and delphinidin. Some of the procyanidin and prodelphinidin present in grapevine leaves is carried through this RNA extraction procedure, almost certainly as condensed tannins. When viewed under UV light the TLC plate of the grapevine leaf RNA sample had a fluorescent spot corresponding to one of two spots noted in grapevine leaf sample plates. This was possibly a cinnamic acid derivative. Grapevine leaf RNA samples extracted by the new method did not contain proanthocyanidins.
DISCUSSION
The procedure described here allows extraction of uncontaminated, intact RNA from a number of plant tissues that do not yield pure RNA with any of the previously described extraction methods. Our results suggest that proanthocyanidins, when present in tissues in high concentrations, complex with RNA following homogenization in the absence of chaotropic agents. The proanthocyanidins are almost certainly condensed tannins (4) and are common in woody plants but not herbaceous species (1). Our results do not preclude the possibility that other phenolic species may also be involved in complexing with nucleic acids.
Perchlorate and thiocyanate ions are known to be highly chaotropic (5, 12) . In RNA extractions from grapevine leaves sodium thiocyanate could be substituted for sodium perchlorate whereas sodium sulfate, which is not chaotropic, was ineffective. The action of chaotropic agents is thought to be related to their effect on the structure and lipophilicity of water which, in turn, induces changes in the properties of macromolecules. Chaotropic agents are known to effect the dissociation and solubilization of antigen-antibody complexes, the denaturation of proteins, and the depolymerization of protein polymers (5, 6) . It is suggested that during the early stages of the extraction procedure described here, phenolic compounds are prevented from binding to nucleic acids by the action of chaotropic agents.
This RNA extraction procedure is now being applied to various grapevine stocks in an effort to isolate certain viral and viroid RNAs. Rosin. = rosinidin; N.R. = not run. 1 The ratio of the UV absorbances of the rRNA species to the 4S and 5S fraction suggested that a great deal of the rRNA was lost during extraction.
2 A large amount of UV-absorbing material remained at the top of the gel .
